Although the volatile elements C and H are minor constituents of magmas on terrestrial planets (Earth-like rocky bodies, including Earth, Mercury, Venus, Mars, and the Moon), they play an outsized role in planetary processes, having crucial influence on planetary atmospheres and climates. For many planetary environments, including perhaps those of the earliest Earth, we understand relatively little about magmatic outgassing of volatiles because conditions are-or might have been-reducing. Whereas under oxidizing conditions the principle volcanic gases are H 2 O and CO 2 , the behavior of which in magmas is reasonably well understood, the identities and concentrations of similar species under reduced conditions has not been known. In PNAS, Wetzel et al.
(1) present experimental results that suggest that the C could be carried chiefly in a surprising compound: Fe-carbonyl [Fe(CO) 5 ].
On Earth, volcanic venting of H 2 O and CO 2 are crucial factors in the origin and long-term maintenance of our oceans, atmosphere, climate, and plate tectonics (2) (3) (4) . Similarly, early in the history of Mars, volcanic outgassing accompanying the vast outpourings of lava that built the giant Tharsis province may have created the greenhouse climate that stabilized liquid surface water (5) . But what kinds of volcanic vapors are produced when magmas are oxygen-deficient? And what kinds of volatile fluxes can be created under these conditions? It is well understood that such magmas carry orders-of-magnitude lessdissolved CO 2 than oxidized equivalents (6), so does that mean that reduced magmas have commensurately diminished influence on planetary surface conditions?
Early efforts to establish whether magmas can dissolve CO came up empty (7) . More recent studies have shown that CH 4 is sparingly soluble (8) , but the concentrations in melts similar to natural magmas appear to be very low (9) . Now, Wetzel et al. (1) present experiments on an analog of lunar basalt, quenching a glass from high temperature and pressure and then examining the products spectroscopically. The authors identified the principle carbonaceous component in the glass as Fe carbonyl, Fe(CO) 5 . Metal carbonyl complexes are well-known in industrial chemistry and are present in biologically important compounds, such as hemoglobin, but are nearly unknown in geological materials.
The Moon and Beyond
The experiments were conducted with a lunar composition because Wetzel et al. 
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Moon. One of the more enigmatic features of the lunar surface, observed both from the Apollo samples and from lunar orbiters (10) , is widespread volcanic deposits that originated from an eruption style known as fire-fountaining. Such eruptions, common today in Hawaii, occur when bubbles in gascharged magma expand during eruption (11) . Because the Moon is strongly depleted in volatile elements, the gas propellant for these eruptions has remained something of a mystery. Modest amounts of H 2 O discovered recently in lunar glasses seem insufficient to account for the highly effusive eruptions, and it has long been suspected that an unidentified reduced carbon species was responsible. Wetzel et al.
(1) set out to determine the possible dissolved species that could account for the remarkable fire-fountaining eruptions, and identified the likely culprit. However, in so doing, the authors may have also revealed a key player in a much broader spectrum of planetary volcanism.
Evidence of volcanic eruptions is widespread on all of the terrestrial planets, although the remarkable explosive volcanism evident from the lunar glass beads is not known for bodies such as Mars or Mercury. Yet, many eruption mechanisms rely on expanding gas as a propellant, and so degassing of Fe-carbonyl could be one of the chief factors producing volcanic features on the terrestrial planets. Furthermore, Fe-carbonyl may be a principle agent responsible for volcanogenic liberation of C from planetary interiors to their surfaces, influencing everything from internal geodynamics to planetary climates (for example, on Mars) to the potential for prebiotic chemistry.
Finally, Fe-carbonyl may play a key role in the earliest distribution of carbon in terrestrial planets. H and C are delivered to growing planets chiefly by impacts from volatile-rich planetesimals (similar to asteroids), and these violent collisions largely produce vapor clouds such that most of the volatiles that avoid escape become part of the planet's growing atmosphere. However, today much of the carbon in Earth (and perhaps the other terrestrial planets) is stored in its rocky mantle and this is key to the dynamics of terrestrial planets: mantle volatiles govern planetary tectonic behavior and through volcanic release to the surface, their long-term climatic evolution. Early planetary conditions, including on Earth, may have been quite reduced, as the planetesimals also deliver metallic Fe. Thus, Wetzel et al.'s (1) finding suggests that solubility of Fe-carbonyl into magma was the principle source of early carbon in planetary interiors, as thick early atmospheres dissolved into partially molten juvenile planets and formed their first interior carbon reservoir.
As with all discoveries, the identification of Fe-carbonyl as a key player in planetary magmas raises many new questions. First, (1) is Fe-rich compared with some other terrestrial magmas, and it is as yet unknown whether Fe-carbonyl is similarly stable in other magma types, including the less Fe-rich varieties common on Earth. Second, the infrared spectra from which Wetzel et al. (1) identify Fe(CO) 5 contains some additional unexplained features that may indicate that other unidentified carbonaceous species are also present. Third, Wetzel et al. have, as yet, explored only a limited range of conditions, and the influence of temperature, pressure and magma water content remain poorly understood. Fourth, at one time it was speculated that carbonyls have a key role in stabilizing other metals, notably Ni, in silicate melts, which could have significant influence on planetary evolution during core formation (12) . Early experimental work seemed to discredit this possibility (13) , but now it merits another look. These questions will surely be pursued, as the identification of Fe-carbonyl in reduced magmas will influence our thinking about many aspects of planetary igneous processes.
